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PLANNING AND OPERATIONS DIRECTIVE (NVO-121)- 1972
ENIWETOK ATOLL PRE-CLEANUP RADIOLOGIUL SURVEY

I. Background

.A. History and Purpose

The Eniwetok Atoll was extensively used during the 1950’s for atmospheric
nuclear testing, necessitating displacement of individuals living there.
Since the United States Government is prepared to release legally the
entire atoll to the trust territory government at the end of 1973, subject
to retention of some minor residual rights
has been proposed.

, rehabilitationof the atoll
In anticipation of possible rehabilitation,a prelim-

inary survey of the Eniwetok Atoll was conducted by NV during May 1972 to
facilitate comprehensivesurvey planning. This survey established partial
information on the extent of radioactive material on the atoll, but the
informationwas not sufficiently comprehensive to permit careful assessment
of the radiological implications of test debris remaining on the atoll or
of cleanup costs for material that must be removed before the native
population can return. A comprehensive survey is required in order that
these assessments m.sybe ❑ade. The AEC has accepted responsibility for
conducting this survey and has a~signed it for Headquarters coordination
to WA and has directed NV to implement the program.

The purpose of this Planning and Operations Directive is to provide guidance
and to define responsibilitiesfor the conduct of this survey.

B. ~ ‘interagencyArrangements●

Within the AEC the Assistant General Manager for Military Application is
responsible for coordinationwith the Department of the Interior (including
‘TrustTerritoriesAdministration), the Department of Defense, the Environmental
Protection Agency, and all other Washington level agencies and officials.
There hes been established an interagency Washington level coordinating group
charged with definition of overall Eniwetok Atoll objectives,with one
member each from the Department of InRerior, Department of Defense, and AEC.

c. Objectives of the Survey

Specific objectives of the Eniwetok Atoll pre.cleanup radiological survey
are as follows:

1. To locate and identify contaminated and activated test debris.
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2. To locate and evaluate any significant radiological hazards which may
complicate cleanup activities.

3. To identify sources of direct radiation and food chain-to-manpaths
having radiological implications.

D. Survey Plan

The Radiological Survey Plan, which describes the manner in which the
technical objectives are to be

II. Authorities and Responsibilities

Authorization and guidance for the
was furnished NV per teletype from
attached as Appendix B.

achieved, is attached as AppendixA.

Eniwetok Atoll pre-cleanup radiologicalsurvey
AEC Headquarters dated September 13, 1972,

The Division of Military Application will provide overall Washington direction
and will coordinate AEC policy relating to the conduct of the survey itself.
Standards and requirements for the survey have been defined by the Division of
Operational Safety and Biomedical and Environmental Research, and are incorpo-
rated in the Survey Plan.

Within the Nevada Operations Office, the Assistant Manager for Operationswill
be responsible to the Manager for successful accomplishment of the objectives
of the Eniwetok Atoll radiological survey, laboratory analysis effort and for
preparation of the required survey and study reports. He will be supportedby
a Technical Director who shall have full authority and responsibilityfor the
technical conduct and execution of the survey plan. The Assistant Manager for
Operations will be assisted, to the extent required by the Assistant Manager for
Engineering and Logistics, and the Director, Pacific Area Support Office, in
matters of field support. Within this framework, NV’s responsibilitiesare as
follows:

1. To prepare a plan for the conduct of the
of samples obtained, utilizing nece8sary

2* To select personnel to conduct the field

field survey and for the analysis
laboratory and contractor support.

suney.

3. To select laboratoriesand personnel to accomplish the laboratoryanalysis
work. This task includes the establishment of procedures, standards and
methods for the correlation of data between laboratories.

4. To support AEC Headquarters activities required for pathway and dose
assessment.
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5. To arrange for necessary logistical support.

6. To maintain direct liaison with DNA for field support and to keep AEC
Headquarters Divisions cognizant of field activities.

7. Pending further guidance, to address priority considerations in planning
for sample analysis and for the biological pathway and dose assessment
portions of this task.

8. To develop the appropriate survey reports and submit them to AEC Headquarters.

III. Organization

The organization for the Eniwetok Atoll radiological survey program is incorpo-
rated in Appendix A.

Iv. Sumey Execution

The survey will be conducted over a period of about eight weeks starting on
or about October 13, 1972.

The field party performing this survey is expected to include representatives
of:

1. Division of Operational Safety,

2. Office of the Assistant Manager

3. National Environmental Research

4* Laboratory of Radiation Ecology

(DOS), HQ

for Operations (AMO), NV

Center (EPA/NERC), Las Vegas, Nev.

(LRE),University of Washington

5, Lawrence Livermore Laboratory (LLL)

6. Holmes and Narver, Inc. (H&N)

7. Eberline Instrument Corporation (EIC)

The laboratory effort will continue for some months following the survey and
is described in detail in Appendix A.
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Initial deployment of equipment and personnel will be via military special air
mission from Travis Air Force Base to Eniwetok. Personnel rotation and sample
shipments will be handled by normal military and coamnercialaircraft. A schedule
of field survey personnel is attached as Appendix C.

v. Program Funding

Funds in the amount of $314,000 have been made available for this survey. Of
this, $100,000 was provided by DOS and $214.000 by DMA.

Costs will be reported by contractors in category 03-30-01-02 (on-continent
technical support). The Finance Division will record costs as
account for the various funding sources.

Contractorswill be provided funding in financial plans in the

LLL internal effort associated with this survey will be costed
program funding.

necessary to

above category.

within LLL
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APPEMDTX A

ENIWETOK RADIOLCGICfi SURVEY PLAN

\. 29 September 1972

. W.E. Nervik, Technical Director

I. INTRODUCTION

Purpose: AEC Headquarters has accepted responsibility for conducting

a comprehensive radiological survey of the Eniwetok Atoll. DMA has

been given responsibility within Headquarters for the survey and they,

in turn, have delegated the responsibility to woo. In the wording

of the 13 September 1972 implementing directive from DMA to NVOO:

“It is the overall AEC purpose to gain a sufficient under-

standing of the total radiological environment of Eniwetok

Atoll to permit judgments as to whether all or any part of

the atoll can safely be reinhabited and, if so,”what steps

toward cleanup should be taken beforehand and what post-

rehabilitation constraints must be imposed. It is necessary

to thoroughly examine and evaluate radiological conditions

on all islands of’the atoll and in the local marine environ-

ment prior to commencement of clean-up activities in order

to obtain sufficient radiological intelligence to develop

an appropriate cleanup program.

Specifically, it is necessary:

‘ 1. To locate and identify contaminated and activated test

“debris,

2- To locate and evaluate any significant radiological

hazards which may complicate cleanup activities, and

3- To identify sources of direct radiation and food chain-

to-man paths having radiological implications.

You are directed to plan, organize, and conduct a radiolo-

gical field survey tc develop sufficient data on the total

radiological environment of Eniwetok Atoll to permit the

assessments on which the judgments described above can be

made. This survey should be accompl.;shedas soon as possible

upon completion of the necessary planning and coordination.

It should consider the total environ~.entpe~cinent to re-

habilitation including both external radiation dosage



and biological food-chain considerations. It is anticipated

that technical standards and requirements will be provided by

responsible divisions within AEC Headquarters.”

Organization: The organization of the field survey, the analytical

work, and the interpretive effort associated with the Eniwetok Pro-

gram has largely been determined by the following considerations:

1. At the Headquarters level the Division of Biology and

Environmental Research (DBER) will have responsibility for assessing

the radiological implications of sources of direct radiation and food

chain-to-man paths. DBER will provide guidance as to the data needed

from the field to conduct that assessment.
., ...7.-A

“2. The Division of Operational Safety (DOS) willshare responsibilityfor

planning the survey and willprovide the coordination of these plans and —
their extension during the survey with the Assistant General Manager
for Environmental Safety (AGMES). DOS willalso provide information /
on the survey to EPA staffat the Washington level upon request. DOS
will review and evaluatealldata and assessments relevant to the feasibility
of various cleanup methods and methods for disposal of hazardous materials,
and willmake recommendations on requirements, guidelines, and environ-
mental and health protection standards to be employed during cleanup

operations.“

4. LLIC LlcLu.”A”~&u=.A u— .-J .-
- ---- -~

--- D-
--- - - . — .–L. .

on technical organizations which already have made commitments for

their people for FY 73. The number of qualified organizations able

and willing to respond is therefore limited.

5. Since no compromise on the quality or comprehensiveness of

the survey will be acceptable, participants are being chosen on the

basis of their being able to do the necessary high quality work in the

time frame in which it is needed.

With these considerations in mind, an organizational chart of the

Eniwetok Survey Program is shown in Fig. 1. NVOO is the primary organi-

zation for implementing the surveys interactiw with D~~~ DBER~ and

DOS at the Headquarters level. The survey itself, and the interpretive

effort associated with it, have been divided into eight categories:

-2-



A

a
&

3

t+
L1

Wnfi
00

la ‘c.
u u .2
alwu

4~2/

I
I

i
I
I

I
I
I
I
I
I

.—— — ——— ---

-.

.

—

Cn
OG
.+o
Uul



the Radiological Assessment Review

Coordination at NVOO; measurements

Group appointed by DBER; Field Operations

involving the Cleanup Survey; External

Dose and Soil Survey; Air, Biota, and Potable Water Survey; Marine Survey;

and Sample Analysis; and Data Evaluations. Authors of detailed plans for

each of the last six categories are indicated on the chart. It is now

expected that the program will involve personnel from the following

organizations: NVOO, NERC (EPA), LLL, LASL, MCL, Univ. of Wash., HASL,

Eberline Inst. Co., TTPI, Univ. of Hawaii, D(X, and DBER, plus organiza-

tions not yet identified involved in the Radiological Assessment Review

Group.

For orientation purposes a map of Eniwetok Atoll is shown in Fig. 2.

Previous surreys in May and July of this year indicate that radiological con-

tamination levels vary from light (1-10~R/hr at 3’) for islands on the

southern half of the atoll to heavy (>lOOOVR,/hr at 3’) on Runit, with

islands on the northern half of the atoll in intermediate categories.

As can be seen from Fig. 2, no survey data are available for at least

10 of the islands. Data on radiological levels

and in air are particularly scarce. Our intent

data from the least contaminated islands first,

highly contaminated islands, and end on Runit.

concurrently with the terrestrial survey. This

to imply that the least contaminated land areas

in the marine environment

is to obtain samples and

then move to the more

The marine work will run

is not, however, meant

have the least contam-

inated adjacent marine environment. Currents aild other processes in

the lagoon have probably redistributed the initial inventories of

radionuclides to the

lamination levels in

In this survey,

extent that any attempt to predict relative con-

the marine area near each island is presently impossible,

we will design and carry out our field studies in

the Atoll with sensitivity to preservation of the natural environment.

This means that we will make an effort to utilize the literature, outside

experts, and our own experience in order to sample living populations and

soils so as not to generate imbalances. Special care ~:illbe taken to

avoid the addition of persistent toxic material, wastes and refuse, and

to leave the environment of Atoll in as least as good a condition as when

we entered it.

II. RADIOLOGICAL STATUS ANT DOSE EVALIJATION:

The Data Evaluation Group is an integral part of the program plan for

-4-
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Eniwetok, and this Group has been involved since the inception of the

study in the development of a measurement and evaluation plan which

optimizes the return of information aimed at the objectives. The design

of the program has been formulated after considering the following re-

quirements:

1. Program focus. That the program plan be developed in response to a

well-defined charter and objectives, as stated and discussed in the

first section of this report.

2. Use of existing data. That past studies and data be brought to bear
\

on the measurement and evaluation program design, including survey

data from Eniwetok and Bikini and the more general literature on

radioactivity in food chains in the Atoll. Such data have provided

guidance for developing measurement plans }:hichwill give compre-

hensive information for assessing radiologj.calaspects of future

habitability and the feasibility of clean-up prior to rehabilitation.

3. Integrated program structure. That information and materials flow

through a system of sample collection, identifieationj analYsis>

- and interpretation which provides for the best utilization of time

and resources, minimizes errors and losses, and allows for rapid

feedback and long term access to sanpies, raw data, and logic

sequences which lead to results and interpretations.

4. Technical resources for evaluation. That the evaluation of data for

radiological assessment be approached in a way which utilizes the

very latest understanding of radioactive trarmpork in the environment

and of mechanisms and parameters affectinG the dose to man. This

principle is to be implemented by drawing on resources and capabilities

in a number of institutions, including LLL, IJL3L,HASL, and the Uni-

versity of Washington. In addition, information on projected living

patterns of future inhabitants which might influence a radiological

assessment will be evaluated with the assistance of experienced in-

dividuals. Contact is being made with Dr. John Tobin, an anthropolo-

gist very familiar with the living habits of the native population,

in this matter, and we will also draw on scientific investigators of

long experience in the Atoll, such as Dr.’s Held and Seymour of the

University of Washington. Additional key participants and consultants

-6-



are listed in Table 1.

Table 1

Major Participants in the Data Evaluations Group

Group Leader:

Data Handling

Calculations:

and Computations:

Evaluations and Applications:

Consultants:

D.

w.

Y.

B.

w.

c.

J.

A.

M.

Wilson, LLL

Martin, W. Phillips, (LLL)

Ng (LLL), B. Bennett (lL4SL),

Rich (LLL)

Robison (LLL), B. Rich (LLL),

Richmond (LASL), D. Wilson (LLL)

Tobin (’i’TPI),E. Held (AEC),

Seymour (U of Wash.), P. Gustafson (}XL),

McLaughlin (HASL), R. Conard, M.D. (BNL).

5. Communication of results. Finally, that the evaluation, as it proceeds

in time, will be in close communict~tion~{iththe Division of

and Environmental Research (DBER) through a review committee

Dr. Nathaniel Barr (See Figure 1). The a~vantages to such a

are two-fold:

Bio-Medical

headed by

communication

a. For maintaining point-in-time cognizance of our activities, methods,

and results, which will enable DBER to review the final product more

intelligently and more effectively under time constraints, and

b. For providing guidance during the pro~ress of the survey and to

serve as a point of contact for information available across the

whole research progr%rnin the AEC on environmental radioactivity>

including AEC experience in DBER and DOS regarding radiological

assessment ar.drehabilitation on Bikini.

The “Radiological Report on Bikini Atoll,” April, 1968, by Dr. P.F.

Gustafson, then of DBM/AEC and now of ANL, provides an excellent backdrop

against which to view the current Eniwetok evaluation program, Comparison

and contrast of the two situations (Bikini and En~wetok) regarding radiological

aspects provides a number of facts useful in developin~ a program plan. Most

-7-
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relevant to the Eniwetok program is to emphasize the similarity in the

environments and the expected lifestyles of the future i6habit&ntsLhe —

could elaborate on second-order differences as they exist

to be expected, but it is most important to point out two

tions:

1. Regarding the major pathways, evaluation can be based

the expected similarity which will exist in lifestyle

between the returning Bikinians and Eniwetokese. The

or as they are

major considera-

primarily upon

and habits

predominant

protein source will be from marine fish, but, where possible, coconuts,

pandanas, and arrowroot will be cultivated for food. A diet can be

constructed on the basis of’the Rongalese diet, as was done by

Gustafson for Bikinians, and adjusted as indicated by information

gained on the specifics of Eniwetok Atoll.

2. Serious contrast can be made, however, betwe?n Eniwetok Atoll and Bikini

Atoll as regards the base radiological contamination, which is both

larger for Eniwetok and compounded by the larger amounts of
239

Pu and

other trans~~anics. Thus, while we cannot yet speak of the relative

importance of long-lived fission products, activation products, or

alpha radioacti’~eelements, it will be necessary to provide compreherlsive

assessment of the latter class of radionuclides in order to put these in

perspective to the others. This will include assessment of both the in-

halation and ingestion pathways.

In brief, the assessment is organized around a pathway-dose two dimensional

matrix. Radionuclide composition of dose transfer media such as foods, air, and

water will be coupled with existing models of intake and metabolism

potential dosages, taking into consideration the projected patterns

of the future inhabitants.

The major pathways under consideration are:

1. External Radiation

2. Internal Radiation

a. Terrestrial Foods

b. Marine Foods

c. Water

3. Inhalation, Submersion

to calculate

of living

An understanding of the data base to be ~enerated for these assessments

can be obtained

goal to provide

in the following secti~ns of thi~ pro~ram plan. It is our

all the data needed to order the rela:ive importance of

-8-



radionuclides and pathways on the overall picture of radiological assessment

for habitability at this time, and to provide data and interpretationswhich

will guide clean-up assessment. These data, however, will not, in all cases9

be sufficient to predict potential dosages over the long-term. This point

is made to emphasize that limitations in the data base may exist which will

not allow detailed pathway modeling and projection of infinite future dosages

in all cases.

Previous studies at Eniwetok provide a basis for developing a list of

radionuclide species to be encountered in the measurements program (see

Table 2). This list may not be ccrnplete,and the study maY t~n uP other

induced activities. Nevertheless, it is most probable that a small number

of radionuclide species will lead to the ma,jorityof’significant dosages
90~r

as was found for Bikini. In addition to the transurznics, we expect
137CS 60

>

Co, and perhaps 55}~eto be major cor.tributorsto dosage, depending9

on the pathway considered and the circw>stanzez.

Most of this work of assessment will be strai~~]tfor-::ar:land will consist

of applying food-chain and dosi.metricdata Tell.in hand in the literature and

available in such sources as I(!RPNo. 2. lIoT,<ever, ‘hereco~nize the importance

of the results of the measurement progr~n in Cen.eratin;;ne-j~information on

the transport and fate of the heavy elexents and wc al.:.orecognize our re-

liance on other curren’cresearch and evaluation activi’:~esin the areas of

heavy element biological distributionaxi do:;:wetr<yin r.arl.

We plan to work closely with D13ERand groups such as the NVOO Applied

Ecology Group and tileA13S Ad?isory Co?v-.ittee c}nP1.utcr.Ium,particularly to

interpret the significance of plutonium in the context of habitability and

clean-up.

III. EXTERNAL DOSE AND SOIL SURVEY:—

This soil survey plan is based largely on the draft plan dated

31 August 1972 developed throu~h consultation among the following individuals:

‘ Drs. Seymour, Held, Nelson, Welandz, and SchelS (’,Jniv.of l!ash.), Drs.

Eberha.rt,and Gilbert (BNT?),Mr. McCraw (DOS), and Ptr.Lynch (NVOO).

The survey has been divided into four p!lases. Ph?.~eI is designed to

identi~ any unsuspected radiolo~ical problews on the least contaminated

islands. Phase 11 includes islands ~:hichlln’~ebeen ~u-~jectedto fallout to

various degrees (minor to sorncmlatsevere) and con;trur:j.onactivities which

-9-



Table 2. Radionuclides ) be expected in the Eni\~etok ~iromment

Isotope ~~ (days) ~~”’ (days) Emission Critical Organ
Energy (MeV)**

*** XEF(RBE)
n

3*

14C

55Fe

60C0

63Ni

90~r

{

lo2Rh

10%h

125~b

137CS

147R1

4.5X103

6
2X1O

1.IX103

1.9X103

2 ● 9X104

4
10

1,06x103

206

876

1 ● 1X104

920

12

12

10

600

3.2X103

9.5-

800

6.4X103

1.0.4

1.0.4

38

100

100

100

70

138

570

e(x-ray)

P> r

.e(x-ray)

P-, B+

D> Y

W.B.

Sol. Fat

Sub::lersionW.B.

Sol. spleen

Insol. Lung

Insol. GI

sol. W*B.

Sol. GI

Insol. Lung

Insol. GI

Sol. Bone

Insol. Lung

Insol. GI

Sol..Bone

Ins,ol.Lung

Insol. GI

W.B.

Sol. W.B.

Sol..Bone

Sol. GI

Sol, Lung

Insol. Lung

Insol. GI

Sol. W.B.

Insol. Lung

Insol. GI

Sol..holle

sol., Insol. GI

Insol. Lung

0.0063

0.054

0.054

0.0065

1!

1!

1.5

0.44

0.72

0.44

0.11

0.021

0.021

1.1

1.1

1.1

1.2

0.39

0.34

0.69

0.23

0.26

0.59

0.41

0.34 ‘

0,35

0.069

0,of5g

‘Half-1ife in man following uptake in tissue

**
Effective energy for deposition in human ti?sue. (includ.esactive decay products)
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Table 2. (continued) *~
Ener,y3
z EF(R31;)~

‘l?hys(days) T~~~” (days) ~ission
Critical organ

Isotope 1/2

151~m 3.7X104 1.4X103 P SO1.. Bone 0.13

sol., Insol. GI 0.041

152EU

154m

155Eu

207Bi

235U

238U

238m

239m

240m

241h

4.7X103 559 B, Y

1.1X103

5.8X103

1.2X103

1,2X103

B-, e, Y

621 314 P, T

438

439

2.9X103 5

6

11
2.6x1o 100 .CY5P>’(

12
1.7X1O 1’33 ~> Y

15

a, y-
3.3X104 2.~xlo’+

8.9X106 7.2X104 ‘2’,y

2 ● 4X106 ~.lxlo4 a, y

)+
1.7X105 p.yxl~ Cl,y

5.1X104

-11-

Insol. Lung

sol. GI

SO1. Kidney

Insol. Lung

sol. GI

SO1. Kidney

SO1. Bone

Insol. Lung

sol. GI

SO1. Kidney

so1. Bo~2e

Insol. ~UM

sol. GI

SO1. Kidney

Insol. Lung

SO1. c~l

~cl, i:~~~e’r.

<n,l -.+.,’3
L . -. - - --’--

Insol. iAIIl&

sol. GI

SO1. Kidney

Insol. Lung

SO1. Bone

Insol. LuW3

f;o1.Bone

Insol. Lung

S01. Eone

Insol. Lunc
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could have modified the distribution of radiotiuclides. Phase III deals

with islands which have been sites for, or very near to, surface ground

zeros and/or extensive test activities. Contamination exists in the

form of activated metal debris, radj.oactivewaste disposal areas, dis-

tributed fallout, and localized plutoniur contamination. The survey

will also include an estimate of the extent of radioactive scrap metal

situated on these islands. Finally, Phase I’iaddresses Runit (Yvonne),

the most heavily contaminated isiand.

The selection process for survey priorities is based upon insult

determination of each island from exkmj.nationof historical records

and current radiological data provided by preliminar~’surveys of Eniwetok

Atoll in July 1971, May 1972, and of Run~t in .Tuly1972.

Field Meter Survey

The survey includes a very detailed examination of the ~eographical

variability of the Cawma exposure rate in air on each island due to the

gamma rays of greater than 100 Kev emitted by radioriuclidesdeposited in

the soil. These nuclides are primarily fission and rieutronactivation

products. The Baird-Atomic scintillatio~ ~ns?mu’nentj‘:tilichutilizes a

1“ x 1“ NaI crystal.,will be used to ma};e the:;e r.easuements. Similarly,

the flux of gamma rays 239~,uandof energies less than 10IOI:evciueto
241

Am will be measured by the FTDLER. Th.cisjn:;+.ru:],:ctconsists of a

1/8” thick x j“ dimeter NaI crystal connected to a raie meter. The

geographical variation of these measurements ‘,:il.lenable the survey teams

to locate the areas contwjr]ated v:i-Lhr(-x’o:+.c:jiq~:ty :?[eresoil samples

may be collected for labor=trry anal.ysicLO d~tern:.nr:the concentrations

of specific radionuclides pre~ent.

Aerial’.Radiolo~icalNkasu.rements

This method has been used by E%%G, Inc. for several years for rapidly

and economically surveying larpjeland are?.sfor radio~ct,ivedeposition and for

the location of lost radioactive sources. The d(~’cap~.o~iided by such a survey

will be extremel.~-valuable in gl~idjngihe f<elti~ur-.-e:~te,%mstn the conduct

of their surveys. It will ~reatly reduce the possjbi].ityof the survey teams

missing contaminated areas and at the swe t~me increa:e their efficiency by
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consists of two pods mounted on a

contains 20 5“ x 2“ }!aIcrystals.

helicopter or light aircraft. Each pod

The signals from these detectors are

summed and submitted to a data acquisition system. l’heoutput is monitored

by 8 single channel analyzers and a multichannel analyzer for gamma spectral

analysis. Also included in the system is an inertial navigation system

whose outpt is recorded simultaneously with the radiation data on magnetic

tape.

If the system were ,mountedon a helicc~ptertraveling at 100 ft/sec~

the spatial resolution for
2411JT,on the Suyeaee i- approximately 100 feet--.>

when using the sin[;lech::nneimode of oper::tion. lli#lenergy gamma enitters
.

may be located with a spatial resolution oflabout 50 feet based upon the

accuracy of the inertial nav:g,ationsysterl. The nini:mm limits of detection

for 60Co and ’37Cs js about.1 ~R/hr and anprcx+.:-:~telyl~Ci/m2
for 2411m,

.

survey de-

scparate

with 80 E??

a manner

of soil

of two
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depth

25-35

increments in centimeters will be: o-2, 2-5, 5-10, 10-15, 15-25,

and at 15 cm intervals belo~’35 cm. If a soil ljorizonis encountered

the interface lines will be chosen as the incz-ementsfro:lthe horizon

rather than the fixed noninal increments from the surface.

Locations for the coil.ecticnof soil samples ~:illbe chosen on the

basis

These

A.

.



.

q. Each sample will be bagged and marked with an appropriate identi-

fication code.

B. Streples collected on the basis of survey meter readings.

1. Additional samples willbe collected from locations where abnormally

high readings were obtained from either the Baird-Atomic scintillator

or the FIDLER.

2. Each sample will be bagged and marked with an appropriate identifi-

cation code.

Field Analysis

A radiation counting laboratory will be established on Eniwetok Island.

This laboratory will contain a 3“ x 3“ NaI and an intrinsic Ge detector plus

associated electronics. These detectors will allow scanning of the samples

for gamma emitting fission and neutron activation products as well as

for 241Am. The data obtained by this scanning process should provide in-

formation which may influence the collection of additional semples from

contaminated sreas. This information will also be valuable in determining

f’lztureanalyses to be performed on the samples after their arrival on the

continent.

Preliminary Soil Sampling Schedule

AS mentioned eerlier, the survey will adtiess the least contamina-

ted islands first and proceed to the more heavily contaminated islands.

The following is a more detailed listing of the islands within each

of the four phases. Also included is a preliminary estimate of the

number and types of soil samples to be collected from each island. The number

of O-5 cm and 0-15 cm samples is arrived at on the basis of one of each

for approximately 105 sq ft of surface area and the number of O-35 cm

(Profile) samples on the basis of one per 8 x 105 sqft of area or a

minimum of two per island. The other (Hofile) samples are for special

situations such as decontamination pads or areas in which field activities have
,

disturbed the original soil.
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Island

Glenn

Henry

Irwin

James

Keith

Leroy

Rex

Bruce

David

Elmer

Fred

Total

Phase I

Approx.
Area
(105 Sq ft)

25

13

‘7.5

4.8

11

7

2

9

48

80

140..

.

0-5 cm

13 .

8

5

11

7

3

9

48

96

g

283

Number of Samples

o-15cln

25

13

8

5

11

7

3

9

48

96

~

283

0-35 cm (Profile> Other (Prof’ile)

3

2

2

2

2

2

2

2

6 (4ft.)

4

21

10 (4ft.)

7 (4ft.)

23

.
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Phase II

Approx
. Area

Island - 105 Sq ft

Alice

Belle

Clara

Daisy

Edna

Kate

Lucy

Mary

Nancy

Olive

Pearl

Tilda

Ursula

Vera

Wilma

Total

10

20

2.

1

0.3

8

10.5

6

9
14

27

15

)2

10

7
.

Approx
Phase III Area
Island 105 Sq ft

Irene 20

Janet 120

Sally 37
Total

*
Will be influenced

-.

0-5 cm

20

30

8

8

5
20

20

20

20

21

41

30

24

20

20
—

307

0-5 cm

30

150

40*

220

bv the extent
-u

Number of Samples

0-15 cm

20

30

8

8

5
20

20

20

20

21

41

30

24

20

20
—

307

Number of Samples

0-15 cm

30

150

40‘

220

0-35 cm(Rofile) other

2

3

2

1

1

2 (2ft.)

3 (2ft.)

2

3

3

3

3

3

2

2 (2ft.)

28 7

0-35 cm(l?rofile) Cther

6 4 (6ft.)

15 (6ft.)

10* 6 (6ft.)*
—

16 25

of pACE activities on this island.
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Phase IV

.

Iv.

The only island included in this phase is Yvonne, which to our

knowledge is the most contaminated island in the atoll. Field surveys

will be conducted with the FIDLER and the Baird-Atomic scintillator in

order to supplement data obtained during previous surveys. The ob-

jective here willbe to obtain survey data on at least as small a grid

pattern as is obtained for the other islands. Similarly, a number of

soil samples will be collected in selected locations for purposes of

evaluating the extent of cleanup required to rehabilitate the island.

The extent to which additional data can be obtained by the survey

group which speak to either the radiological hazard on Runit or to the

engineering aspects of the cleanup operaticn is not clear at this time.

The kind and amount of such additional data will be determined in the

field by the survey team.

Thermoluminescent Dosimetry Program

Since the energy response of the Baird-Atomic NaI scintillator is

nonlinear, the measurements made by this instrument nay not be a true

measure of the external dose rate produced by the gamma emitting radio-

nuclides deposited in the soil. To overcome this deficiency we plan to

incorporate a thermoluminescent dosimetry (TLD) program which will provide a

correlation between the NaI scintillator measurements and the actual dose

rate measured by the TLDs.

This program will utilize a combination of LiF and CaF2:Dy TLD

packets. Approximately 40 packets will be placed at selected locations

in such a manner that a broad range of dose rates from 2 ~R/hr to 200

~R/hr will be measured for the correlation study. In order to eliminate

exposure during transit time, the dosimeters will be annealed at Eniwetok

Island just prior to their placement in the field. After having been

exposed for one month or more in the field, the l’LEpackets will be re-

covered and read out at Eniwetok Island.

AIR, BIOTA, and POTABLE WATER SURVEY

The objectives of the terrestrial air, biota, and potable water

sapling program are:

a) To collect representative samples of edible plants and animals for

radionuclide analysis and subsequent estimation of food-chain trans-

fer of radionuclides to titure inhabitants.
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b) To measure airborne radioactivity

pathway of e~osure, particularly

for assessment of the inhalation
for 239W

. The air sampling

program will address this exposure route at the numerous “clean

islands” and also in the more contaminated areas such as the

environment on Runit (Yvonne).

c) To correlate the food-chain sampling program with the field gamma

measurements and soil sampling program in order to maximize the

information available to quantify rates and mechanisms of transfer

of radionuclides from soil to man through food-chains. The field

survey team will obtain plant samples wherever possible from the

soil sampling sites; the terrestrial food-chain team will bbtain

some soil samples, where necessary, in the areas where they sample

edible plants such as pandanus and arrowroot.

1. Air Sampling

Airborne particulate will be sampled by means of three types of samples:

a. Ultra-high volume (UHV) samples: - Two calibrated UHV samplers will be

operated at a rate of 1000 cfm. One such sampler will be operated con-

tinuously on Eniwetok Island (Fred). The other sampler will be trans-

ported from island to island for measurements. Measurements will be

made also at selected offshore sites on the LCU. Both samplers will

be supported by gross meteorological measurement of wind speed and

direction to aid in the interpretation of sources of detected radio-

activity.

b. Low-volume (LV) samplers: - A large number of calibrated 5 cfm LV

ssmplers will be fielded and operated on a semi-continuousbasis.

Banks of these samplers will operate cont~nuously on board the

Palumbo and the LCU used in marine sampling and transportation.

Others will be fielded strategically to investigate radionoclide

levels in ai downwind from contaminated areas.

c. Anderson Cascade Impactors - Two 20 cfm, 5 stage cascade impactors.
will be used to obtajn l.on~-termsamples of air fo? investigationof

the size distrib,[tioncf’airbo~ne radioactive particles.

This combination of cir samplers w5.11he ut:lized to cddress

the qnestjon of potential ex~osure to futlre jnhah~tants thro~~h

inhalation of airborne radioactive particles. The initial plan will
Q2j/

provide sufficient data to a~certain whether-or-not Pu exj.sts

in the air at levels in excess of .worldwi-def:]llou’:lacl{[~ro{]nd

and to define the
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locations and c~rcumstances of any such elevatea levels. These

samples will be analyzed on a priority basis so that results

can be reviewed by the I?ataEvaluations Group early in the study.

These evaluations will be used to decide on any

the air sampling program design and scope which

to the Technical Director for implementation.

2. Biota Sampling

The terrestrial food-chain tesm will focus

samples of arrowroot, pandanus, coconut> crabs>

and animal organisms as may constitute the diet

their

birds

adjustments in

can be proposed

effort on obtaining

and such other plant

of future inhabitants. The

edible vegetation samples will be collected as available and in conjunction

with appropriate soil samples. Edible animal species will be collected as

available by trapping or shooting.

Inedible plant species to be used as indicators for soil-root-plant

pathways will be collected with the soil survey graup. At least two or

three species that occur on all islands will be used for this purpose in

order to obtain comparative data. Samples of these will be collected on

the lagoon side, ocean side, and in the central parts of each island at

points where soil samples are collected. These will be returned to the

Eniwetok laboratory for identification and processing.

Rats, which are not considered to be a part of the human food chain,

are the only mammals existing on the islands and may be considered as an

indicator species. These will be trapped and specific organs will be analyzed

for radioactivity. Collection sites for all specimens will be identified

on the radiological survey maps for later correlation.

3* Potable Nater

The only potable water on the Atoll is derived either fr,omrain water or

the distillation plant on Eniwetok. Samples of these will be collected for

radiochemical analysis along with sludge samples from the distillation plant.

In addition, a marginal lens exists on Engebi which we plan to sample.

4. Onsite Laboratory at Eniwetok

An onsite laboratory k’illbe established on Eniwetok for processing

samples obtained by the biota field te+ms. This will include; forced draft

ovens for drying plant material for shipment; dissectin~ equipment for

separating organs from animal species, and counting equipment screening of

specimens before they are returned to LLL. The princjple equipment to be
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used will consist of a pair of 4“ x 4“ NaI detectors and two single

channel analyzers. A few selected samples will also be screened with

a Ge(Li) system in order to determine their radionuclide content.

The Data Evaluations Group will be in charge of co-ordinating

collection of data and samplesj sample coding> preparation} counting>

and other activities in this onsite laboratory.

v. ENIWETOK AQUATIC PROGRAM

The mission of the aquatic survey will be to define the contri-

buting radioactivities in the lagoon and reef areas of the atoll to

assess exposure pathways to individuals utilizing the aquatic environ-

ment. Sources and levels of activity in the lagoon and reef will be

defined using indicator organisms, in-situ detectors, sediment, and

water analyses. Samples of edible marine vertebrates and invertebrates

will be collected and analyzed for specific radiont’elides, Many species

will be collected from the reef and lacoon areas that were surveyed in

1964. Changes in activities levels noted over the 8 year period will

be assessed. Several methods of assessing the residence time of specific

radionuclides in the lagoon environment will be employed.

The types

next sections.

sampling, will

facilities.

and quantities of samples required

The enti~e program, covering both

be integrated in order to best use

will be discussed in the

survey and food chain

our available sampling

Program Implementation

The development of the aquatic program in the Eniwetok lagoon was

originally designed to take advantage of facilities offered by the research

vessel, R. V. Palumbo from the Puerto Rico Nuclear Center. The Palumbo

left Puerto Rico on August 20 enroute to San Die&o, Hawaii, Kwajalein,

Bikini and Eniwetok. The mission of the vessel is in support of a DBER

funded program involving individuals from the University of Washington,

Lawrence Livermore Laboratory and Puerto Rico Nuclear Center investigating

the biogeochemical behavior of the transuranium elements in a labelled

marine environment. Due to mechanical failures and other operational

problems, the Palumbo has been in the San Diego Naval shipyard since

September 9 undergoing extensive repairs. The vessel left San Diego on

28 September. If no further delays are encountered enroute, the Palumbo’s

present schedule }ioulddelay its arrival time in Eniwetok by 16 days. The
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ship will therefore be available in the Eniwetok area no earlier than 18

November. Although it will be very useful to utilize the Palumbo in the

Eniwetok lagoon suxvey we are unable to plan on its availability. In

order to conduct a meaningful program early in the survey, additional

vessels are being readied for the lagoon work. They include:

1) LLL Boston Whaler - 17’ length

Equipped with bottom depth indicator; 65 HP Mercury outboard

and 7.5 HP auxillary motor; davit for over the side work with approximately

500 feet of 3/32” steel cable on a hand-operated winck. The vessel will

be available for coring, water sampling, dredging, plardktontows and in-

situ detection measurements. The ship will be used principally to support

near-shore and reef work.

2) An “A” frame is presently under construction to mount on the LCU

now enroute to EniwetoPL. A portable gasoline en~ine-po-<:eredwinch con-

taining 1000 feet of 3/32” stainless steel hydroGraphic cable will also

be mounted on the vessel. The LCU will have the ce.pabilityto conduct

all phases of marine sampling and would be used principally to sample

the off-shore region of the lagoon.

3) Other ships of opportunity would be used to ferry personnel and

gear to reef areas and, when practical, to assist in plankton tcws.

If and when the Palunbo arrives in Eni+.’etok,its facilities will be

employed to supplement the on-going pro~ram. If, ho~:ever,the tT~o

facilities (Boston Whaler and the LCU) are the only ships available, a

complete program addrezs~ng all the survey Eoals co,~ldbe conducted in

10-12 weeks without the Falux.bo, This esti~.ateis ‘D:%Fe2on having perfect

weather the efitireperiod for 8-1o hours per dzy, 6-7 d~ys per week.

A network of buoys will be placed in the lagoon as fixed reference

points during the survey. All personnel operating the whaler and sampling

from the LCU will be trained and knowledgeable in all.sampling techniques.

All samples gathered will be properly coded and sanpl.elocations plotted

on charts. Locations will be determined by usin~ siChting compasses and

estimates based on running time and speed from fixed reference points.

The Whaler will contain all necessary safety equipzent and tow a spare

6 man raft. The raft will be a means of trangport to shallow reef areas.

The aquatic pro~ra.mjindependent of tb,ePalu-r.bo,T.:illrequire five
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personnel. Two

from the LCU.

people will operate the Whaler and three will sample

The sampling program will proceed from less contaminated areas of

the lagoon to the more highly contaminated areas in order to lessen the

probability of sample contamination.

Aquatic Survey Coals and lti~tkods

Purpose: To define the activity levels in the lagoon and reef environment
Wcon. —

in order to assess levels of external exposure and the degree of

lamination.

Objective Method

A. To assess surface exposure over the ree~. Personnel operating from rafts
Only reef covered w~le:s tharl3 feet of water O)Jfoot utilizing ~-y survey

or

will be assayed.

B. Immersion dose ~.rloff-shore beaches.— —.—

meters.

Ana.1.ysis,of water and sediment
c:!::;plesand in-sit’udetecticn
methods using the Boston krkaler.

c. Definition of activity levels in the lafloorl
and major out<lo’,~ar::z:;over the reefs.

1. Assessment of sediment concentration
levels.

A) shore to 10 fm terrace in la~oon.
B) terrace to deep basin of lagoon.
C) deep basin.
D) craters.

Usj.ngthe Whaler and LCU, sedhe:t

corez, crab samples, suspendefi
naterial, and bottofl?:ater‘,,;il~.b?

cul.lectedand malyze,d. A.ni:l-sivu
detector will be used to define
relative activity levels of the
bottom. A detailed botto!~sur’~ey
u:;insan in-situ NaI detector l~ill
be co:,?.uctedoff Runit, f’cllo’,wd‘b::
e.xt,cn.’ivesediment sanpling.

The device used to obtain a bottc:n
sample in,any area v;illdepend
entirely on the composition of the
sediment. The sediment in the
lafloonvaries from firlesand to
coral and algae. The percent of
each type of bottom material dc-
pend~ on location, althouCh, in
general, a higher percentage fif
fine waterj.alis found closer to
shcre ~.-herea corer may be used.
In the cleeperarea of th~ lagocn
hi(jherpercenta~es of’formanii’era
al~inoliueda debris do.min3.te.;~
t}le:;eareas dredgins and grab
s,,a;-:p1‘.r,~ will.be more successful.
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Objective Method

2. Water concentration Surface-to-bottom profiles will be
obtained by pumping 55 L water samples.
Samples will be obtained from 18
stations in the lagoon and 18 staticns
over the reef. Both the Whaler and
LCU will be utilized. 50 - 5 gal
bottom water samples and suspended
sediment will be obtained in the
Runit area.

3. Additional supplementary data A variety of indicator organisms will
required to assess relative concen- be ob~a.inedby dredging the sediment
tration levels in the lagoon. and coral knolls in the lagoon from

the LCU and Whaler. Daily planlkton
collections and invertebrates will
cor:pler,entthis effort. Species of
a.1.~a,ewill be obtained from reef
areas for analysis.

Miscellaneous activi~l.es

The desalination plant h’illbe studied, wit?lerpha:is on the fate of the

sludge discharged from the plant.

Samples to meet survey requirements

Water

48-55 L water samples from the open la~oon and reef

50-5 gal bottom samples from the Runit area and craters.

Sediment

100

200

100

50

50

Biota

core samples 2“ and 3“ diameter 2e5ailcd v~rtical profiles of rad”io-

grab samples
nucli(leconcentrations in 20 selected
cores v.’illbe determined. All othep

dredge samples ~ato~].::;will be rapidly scanned for.

suspended sediment samples
relc.ti”)reactivity levels arxiselezte<:
~a!~ipl.{+~quantitatively analyzed.

Runit cores Activity levels in vertical sectj.ox oi’
Runit cores will be determined in
about 50 sa,.mples.

, 1) 200 plankton samples If s;milar areas are s<ampled,many
individual tows will be co.nb~ned.for
analysj:;,especially if the plankton
yield is lo-:~.All samples w~.11be
rapidl.:}~scznned in the field and a
s.elected number quantitatively ana”~j--;cc
on-col:c;rlc~lt.

2) Invertebrates, includir.~-

Sponges
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Objective Method

Urchins individual samples are anticipated and

Sea cucumber
all will be surveyed for relative
activity levtils. A selected number,

Clsms probably no more than 200 will be

Coral
quantitatively analyzed. Included in
the latter estimate sre all species

Starfish used.in the diet. Some selected shells

Langusta
and coral will be carefully analyzed
and correlated with growth rates, con-
centrations, as indicators of changes
in the environment as a function of
time.

3) Gut contents of bottom-feeding fish collected in different areas will be

analyzed to assess concentration levels in lagoon areas.

Comparison of the activity levels in each of the above sample types will

be used to contour activity levels in ~,;~elagoon and reef. Data from many

semple types, especially edible organisms, will

Field recommendations will be forwarded to the

sample preparation and analysis.

Food chain dose assessment requirements

be used for dose assessment.

laboratory for guidance in

Purpose: To provide samples in order to determine the activity levels in all

edible marine species. The data are required to assess dose from aquatic food

sources.

There will be close coordination with the radiological assessment team who

will generate the information regarding Narshallese diet and define the percentage

of each marine trophic level in the diet. This information is necessary to

determine the ssrnplesize of a species needed, type of species, and post-treat~ent

method of the sample. Assessment of the levels of activity in carnivores,

bottom feeding carnivores, l}mnivores,herbivores and all invertebrateswill be

made. Dietary habits of the Marshallese people will be considered in the

treatment of samples. Some species may be consumed whole. The analysis on

,these defined specimens will be made on the entire fish. For those species

where only the flesh or other or~ans are consumed, the semples will be dissected

and the tissue analyzed. The variability in activity levels in similar species

from different areas will be determined. Sampling sites will include those

areas visited by the 1964 survey team. Fishing ~.ethodswill include trawls,

gill IIetS, 10llg lines, traps, rod and reel, and ::pe~ri)~gm Although the fishing

will be operationally defined, 200 to 300 saniples,are anticipated for quantitative
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analysis of all detectable radionuclides.

VI. RA.DIOCHEllICALANALYSES

Required analytical measurements on samples recovered in the survey of

Eniwetok Atoll are summarized in this document. The information is presented

in tabular form, beginning with a description of various sanple types and

estimated quantities to be recovered. In Table II we summarize how samples

will be handled, including treatment at Eniwetok, form in which the material

will be shipped, and necessary initial treatment required before samples are

ready for routine analysis.

In Table III we summarize the kinds of analyses expected to be necessary,

including a list of nuclides which have been detected in Eniwetok samples

taken in earlier years. Most of the samples will be GeLi gamma counted as a

routine matter. The question as to how many samples will require dissolution

and wet chemical analyses can be answered accurately only as the planning anti

sample recovery progress. We need an assessment of the importance of
gosr

241
analyses; we expect to infer Pu content from. Am measurements in some samples

where more precise Pu analytical measurement by wet chemistry is not required.

We anticipate that the more difficult 55Fe and
63
Ni analyses will be performed

only on selected samples, principally from the aquatic food chain.

Table I. Sample teype,quantity

I. Soil survey program

A. Soil profiles, 200 x 6 = 12OO

3“ diam, o-1, 1-2, 2-3, 3-6, 6-9, 9-12

115 cc/in., 170 g/in.

B. Six-inch deep

3“ diam,

c. Two-inch deep

3“ diam,

II. Aquatic sampling

A. Plankton

B. Sediment

c. Seawater

cores 800

0-6”,2 adjacent (=2 kg)

cores 800

0-2”,300 g each

program
Predicted Total

200

100 + selected samples

100

(48 (55 liter), 50 (18 liter)
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Table I. Sample type, quantity

D. Coral Selected

(continued)

samples for use

as indicator organisms

E. Invertebrates

Sea cucumbers

Tridacna

Spider snail

Spiney lobster

F. Vertebrates

Edible reef fish and indicator

species

I?redictedTotal

1

200

\
I
) 200-300
I
I

Larger lagoon fish (Sharks, albacore,j/

tuna, gr~~perj etc.)

III. Biota sa??ples

A. Vegetation

B. Terrestrial

non-edible 300
edible 50-100

animals (including disected parts) 150

c. Potable water 15

IV. Air samples

A. High volume samplers

B. ~w 11 11

c. Anderson cascade impactors

100

80

80

Table II. Initial sample process=

Treatment at ShippinU
Eniwetok form Initial treatment

I. Soils Fackage As recovered. Dry, grind (ball mill),

weigh, package, NaI ccu~t.

II. Aquatic samples

A. Plankton Freeze Frozen

-27-
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Table II. Initial sample processing (continued)

Treatment at Shipping
Eniwetok form

B. Sediment

1. Grab ssmples Freeze Frozen

2. Cores Freeze Frozen

c. Sea water Acidify

D. Coral Freeze

E. InveAebrates Freeze

F. Vertebrates Freeze
(filet?)

III. Biota samples

A. Vegetation “Dry

B. Terrestrial

animals
Freeze

c. Potable water Acidify

Iv. Air samples Package

As water

Frozen

Frozen

Frozen

Dry

Initial treatment

I&y, grind, weigh,

analyze.

Section (volume,wet I:t),

thaw, dry, grind, weigh,

analysis.

Analysis

See Soils.

Weigh, thaw, (dissect?),

dry, (dry ash), weigh)

analysis.

Same as item E.

Dry, grind, homogenize,

analysis.

Frozen Weigh, thaw, (dissect?),

dry, (dry ash), weigh,

analysis.

As water Analysis

As recovered Analysis

-28-
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Table III. Kinds of analyses required—.

I. Gamma counting

A. In general, no dissolution nor chemical separation will be required

prior to gamma spectrometry. There could be occasional exceptions

to this rule, e.g., sea water will require processing.

B. It is expected that essentially all samples will be gma counted.

In many cases, this may be the only analysis required.

c. Nuclides which are expected to be observed and which can

tatively measured by gamma spectrometry:

be quanti-

40K 60C0 106R, 137CS 152,I-54,155EU 241h 125~b 207Bi lo8m@,
> 9 3 > 9 > >

65z~ 102
9 Rh, U and Th chain daughters

II. Dissolution of sample

A. Plutonium analyses

1. Alpha counting
238,239+240~

2. Mass spectroscopy
239,240,241,242

PU where warranted

B.
go~r - beta counting of

soy ~a,lghter

c. Other nuclides: 55Fe 63~Ji 147M 151Sm 14C
> 3 > ‘9

Soft radiation emitters will require specific chemical separation.

III. Tritium

Table IV. Laboratory analytical capability

Laboratory Kind of analytical work

LLL Initial sample prep., soils

11 t! 11
, biota (including

dissolution of all marine samples)

Complete analytical treatment, sea water

Saumle rates

400 samples/month

for initial sample prep.

of soils

Gma analysis, all types of samples
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Table IV. Laboratory analytical capabil.:ty(continued)“’

Laboratory Kind of anzilytj.cal work Sample rates

MCL Gamma analysis

Soil dissolution, chemical analyses for Pu,

Uw

Contract
analyses

Complete analytical treatment, air filters

55Fe analysis

90
Sr analysis

Gamma analysis

SOil dissolution, chemical

gop
analyses for Pu, ~r

rmc (EPA) Chem. Anal. for I’d

---- -

Not established

Not estahlizhed

VII. CLEA.N-UFASSESSIEV?TPL1.IT—.—
During the field survey of the Islands in the :ni’~.’etokAtoll, an attempt

.w1ll be maae to evaluaie possible cle?.n-up.mechlr.~....““’r”and provide data for

futxureengineeri.n~estim:es of the deconta!j’.i1l:L’.ononoper:~tiorr.This decont=-

ination assessment is ?.nticipateflto take the .fol.lovin:~fern:

1. An estimate of t)]equantity o.P acti’i2.t,ed.mat.e~ialsaml debris from

previous tests will be made. Special attentloriwill be mxle to record, in a

preliminary sense, locctionj a’:munt, and raijation lP-,’elSoi’the debris that

should be rer,ovedbefore reoccup~tion.

2. ~ atte.npt~,;il~I)e !lladeto evaluate t,hefe,ns~.bilityof’collecting

single particles or “hot spots” by simple excavation t-echniquesor sievinc.

Various sized screens will.be taken to e’raluatcthe feasibility of separating

contaminated debris rather than removal of all conta:]inatedsoil and/or coral.

The character of the contamination in various areas wiil be evaluaLed in teri]~

of the feasibility of removinz localized hot,spots in preference to ~$l~ole-scale

excavation. An attempt will also be made to l.oc?..teiocdized hot areas which

will requi~e total exca.wtion.

3. A literature search is presently und-’r-::ayand will be continued to

evaluate the ap~lic2hility or rfmdi:y;.ngexi.s;f;ir[lte?llri~::e.s, other thnn ~:hole-
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VIII.

scale bulldozing, in decontaminating large contaminated areas.

4. Thorough evaluation of field survey data, the extent of con-

taminated areas will be mapped, and contaminate-onprofiles folded into

the data in order to estimate the total area requirin~ clean-up.

SCHEDULES

A schematic diagram of the schedule for t!leZniwetok Radiological

Suxvey Program is shoT):nin FiEure 5.

We now expect that the field survey Group VIilldepart for Eniwetok

on or about October 12, 197L and that t}leI:orkon Ilniwet,okwill take

approximately eight weeks. Swnples taken in the field are to be returned

to Livermore on weekly schedu].edflights. l%ocessj.ngand analysis will

begin as soon as the first samples arrive at LT2..

The first data that are expected to be available are those taken in

the field (sample tiypesand locations, s’urveyinc.tru’:lentreadings, etc.).

These should be in reportable fcrm by Ja.riuary1.,at which tiiile a review

meeting may be scheduled to discuss the status of the program.

Considering all available l.a.boratorycap~bilitiec, sa-nplepreparation

and analysis will certainly take a number of :~ar:th~to conplete. SL~ples

will be processed on a priority b?.sisaCCO~dill[<to the needs of the

Radiological Assessment Croup, so that the DDtR zzsezzvent and review can

proceed on a continuous schedule rather than ~:a~tfoz all data to become

final. The DBER re”rie’,:schedule shown iil l’i~.j is a l-cryte]]tativeone.

Every attempt Will be Ifl:d~ to speed up the prore.ss,without compromising on

quality or completeness, of course, but IX)one ckould l-sunder the impression

that gatherinE this much experimental.data and <->~n~~retingit will be.,.US.L<,

accomplished overni.sht.
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APPENDIX B

R 1321552 SEPT 72

FM USAEC FRANK A CAMM WASHDC

TO: USAEC M E GATES LAS VEGAS NEV

INFO: LT =N C H DUNN DNA WASHDC

UNCLAS SUBJECT:RADIOIA3GICALSURVEY OF ENIWETOK

PARA, AS A RESULT OF COMMITMENTS MADE BY AMBASSADOR WILLIMIS AND INITIAL AGREEMENTS

REACHED DURINGAN INTERAGENCYMEETING NELD ON SEPTE_R 7,1972,IT IS THE OVERALL

ABC PURPOSXTO GAIN A SUFFICIENT UNDERSTANDING OF THE TOTAL RADIOIJ3GICALENVIRONMEIW

OF ENIWETOKATOLL TO PERMIT JUDGMENTS AS TO WHETHER ALL OR ANY PART OF THE ATOLL CAN

SAFELY BE REINHABITEDAND, IF SO, WHAT STEPS TWARD CLEA~P SHOULD BE TAKEN =FOREHAND

AND WHAT POST-REHABILITATIONCONSTRAINTS MUST ES IMPOSED. IT IS NECESSARY TO

THOROUGHLYEXAMINE AND EVALUATE RADIOLOGICAL CONDITIONS ON ALL ISLANDS OF THE ATOLL

AND IN THE LOCAL MARINE ENVIRONMENT PRIOR TO (XMMEN(X4ENT OF CLEANUP ACTIVITIES IN

ORDER TO OBTAIN SUFFICIENT RADIOLOGICAL INTELLIGEN~ TO DEVELOP AN APPROPRIAIIS

CLEANUP

1. TO

---2. To

PROGRAM. SPECIFICALLY, IT 1S NECESSARY:

UXJATEAND IDENTIFY CONTAMINATED AND ACTIVATED TEST DEBRIS,

LOCATEAND EVALUATE ANT SIGNIFICANT RAD1OLOGIGAL HAZARDSWHICH MAY COMPLICATE

CLEANUPACTIVITIES, AND

-.3. TO IDENTIEYSOURCES OF DIRECT RADIATION AND FOOD CHAIN-TO-MANPATHS HAVING

RADIOLOGICALIMPLICATIONS.

_. PARA. YOU ARE DIREC’lEDTO PLAN, ORGANIZE, AND CONDUCT A _RAt)IOL0G_I!2AL-HELD WRVEY TO

DEVELOP SUFFICIENTDATA ON THE TOTAL RADIOLOGICAL ENVIRONMENT OF ENIWETOK ATOLL TO

PERMIT THE ASSESSMENTSON WHICH THE JUDGMENTS DESCRIBED ABOVE CAN BE MADE. THIS
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SURVEY SHOULD ~ ACCOMPLISHEDAS SOON AS POSSIBLE UPON COMPLETION OF ‘IXENECZ!SSARY

PLANNING AND C@lRDINATSON. IT SHOULD ~NSIDER THE TOTAL ENVIRONMENT PERTINENT ‘IO

REHABILITATION INCLUDING BOTH EXTERNAL RADIATION DOSAGE AND BIOLOGICAL FOOD-CHAIN

CONSIDEATIONS . IT 1S ANTICIPATEDTHAT TECHNICAL STANDARDS AND REQUIIWMENTSWILL BE

PROVIDED BY RESPONSIBLEDIVISIONSWITHIN AEC HEADQUARTERS. IT IS UNDERSTOOD TNAT

PLANNING HAS BEEN INITIATEDBY DOS AND DEER IN COOPERATIONWITH FIELD ORGANIZATIONS

AND SUCH PINNING WILL SERVE AS THE BASIS FOR A COMPREHENSIVESURVEY PIAN.

PARA. IN IMPLEMENTATING THE ABOVE OMECTIVE YOU ARE DIRECl%D TO:

1.

2.

3.

4.

5.

6.

7.

PREPARE A PTAN FOR THE CONDUCT OF RADIOLOGICAL FIELD SURVEY AND ANALYSIS OF

SAMPLES OBTAINED UTILIZING NE(3?SSARYLABOWTORY AND CONTRACTOR SUPPORT.

SELECT PERSONNEL NE= SSAKY TO CONDUCT THE FIELD SURVEY.

SELECT LABOWTORIE S AND PERSONNEL TO ACCOMPLISH THE NEQZSSAKY LABORATORYWORK

FOR ANALYSIS OF SAMPLES. THIS TASK INCLUDES ESTABLISHMENTOF PRW31DURES,

STANDARDS, AND METHODS FOR CORRELATION OF DATA BETWEEN IABORATORIES. IN THIS

CONT%XT YOU SHOULD PROVIDE FOR REVIEliAND REPORTING OF DATA.

SUPPORT PATHWAY AND DOSE ASSESSMENT ACTIONS WHICH WILL COME UNDER OVERALL

TECHNICAL DIRECTION OF THE D=R , SUPPORTED BY THE DOS.

ARRA~ FOR NE= SSARY LJX3STIC SUPPORT

COORDINATE LOGISTIC SUPPORT REQUIREMENTS WITH THOSE OF THE ENGINEERING SURVEY

TO BE CONDUCl%D CONCURRENT’LYBY DNA.

DIRECT LIAISON WITH DNA IS AUTHORIZED, AS REQUIRED, KEEPING COGNIZANT ABC

HEADQUARTERSDIVISIONS ADVISED.
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8. PENDING FURTHER GUIDANCS YOU ARE DIRECTRD TO ADDRESS CONSIDERATIONSOF PRIORITY

IN PLANNING FOR SAMYLE A“NALYSISAND FOR BIOLOGICAL PATRWAY AND DOSE ASSESSMENT

PORTIONS OF THIS TASK. IT IS ANTICIPA’I%DTHAT A REVIEW OF THE SURVEY WILL BE

CONDUCTEDUPON COMPLETION OF THE FIELD EFFORT AND BY THAT TIME MORE DEFINITIVE

GUIDANCE WILL BE FORTH(X)MINGON PRIORITIES IN THE AREAS OF ANALYSIS AND

ASSESSMENT.

PARA. YOU ARE AUTHORIZED TO EXPEND $150 K IN THE INITIAL PLANNING AND ORGANIZATION

OF THIS SURVEY. INITIALLY THE COST OF PERFORMING THIS EFFORT SHOULD BE CHARGED TO

THE ON-OONTINENTPROGRAM. FOR YOUR INFORMATION, THE GENERAL MANAGER HAS APPROVED

AL3XRNATIVE 2 OUTLINED IN THE CONTROLLER’S MEMORANIWM DATED AUGUST 28, 1972, AND

WE CURRENTLYWORKING OUT FUNDING ARRANGEMENTSFOR THE ENTIRE SURVEY. YOU WILL BE

KEPT ADVISED.

NA:T:WWG:265-1,
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TentatiVe Schedule

FIELD MANAGER

Nervik (L)

Ray (NV)

McCraw (AEC-DOS)

Held (AEC-Reg)

APPEHDIX C

for Field Survey Personnel:

2 1 1 1 1 1 1 1 11

SOIL SURVEY

Gudiksen (L)

Rich (L)

Myers (L)

Chew (L)

Lynch (NV)

Moore (EPA)

Costa (EPA)

Martin (EPA)

Rozell (EPA)

Vandervoort (EPA)

Peer (EPA)

Lambdin (EPA)

Horton (EPA)



Appendix C -2-

SOIL SURVEY (Cent’d)

Phillips

Parker (EIC)

Price (EIC)

Young (EIC)

Sammons (IMd?)

Chambers (H&N)

13 13 13 13 12 12 11 999

MARINE

Noshkin (L)

Nelson (UW)

Seymour (UW)

Eagle (UW)

Johnson (UW)

Fowler (L)

Holladay (L)

Schell (UW)

Chapman (L)

Dawson (L)

Lusk (UW)

/ PAL1.R4E0

<
PALUMBO

/ PALUMEO
\

6 5 5 5 55 5 21



Appendix C -3-

& Au

Potter (L)

Koranda (L)

McIntyre (L)

Thompson (L)

Stuart (L)

J. Martin (L)

Clegg (L)

4 4 4 73 33 3

MJWTRONICS

Newbold (L)

Bishop (L)

Breshears (L)

Jones (L)

Hoeger (L)

Cate (L)

Thrall (EPA)

Lawson (EPA)

--=-~.

CLEANUP
TECHNIQUE

Yoder (1)

ASSESS.

1 11 1 1
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Appendix C

i
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SAMPLE PREP

Phillips (L)

W. Martin (L)

Qualheim (L)

Mendoza (L)

Wilson (L)

Schweiger (L)

Landrum (L)

LLL (Hoff)?

FIELD OPERATIONS

Stewart (NV) _

Lease (NV)

3 3 3 333 3 3 3

Warren (L)

Button (L)

2 2 3 22 2 2 2 2
-.-==—- —. —.—. ~- .——. -— -—— —

DOCUMENTARY PHOTO-——---.--—

Wilson ? (L)

Tyner (Pan Am) ——-- —.

22——...——

EG&G_—

NaI Det, Survey
—— — ---—— —- . ...... . . .. . ..-—. —— —.. .. ——. . ..—

Total + EG&G 36 31 32 37 31 29 28 23 17 Average


